Introduction
[2] The characteristics of climate in the Mediterranean Region (MR) include a frequent occurrence of extreme rainfall events on a variety of space and time scales [Siccardi, 1996] , eventually leading to floods. Extreme rainfall in the Western MR is generally related to both local conditions and the occurrence of specific regional large-scale circulation patterns [e.g., Rudari et al., 2005; Nuissier et al., 2008] . They are typically triggered by lee cyclogenesis in the same region [e.g., Buzzi and Tibaldi, 1978] . This process contributes to focus the precipitation over a particular area by inducing temporal stable flow towards the mountains ranges. The role of large-scale meteorological conditions, e.g., in terms of moisture advection from the North Atlantic (NA) into the MR, has been demonstrated in several case studies: for example, Cassardo et al. [2001] and Turato et al. [2004] described the relevance of moisture sources over the NA to the November 2000 event in Piemonte. Further, Winschall et al. [2012] documented that evaporation over the NA was the main moisture source for the November 2002 event over North Italy. However, the NA basin is a moisture source not only for single extreme events; Rudari et al. [2005] suggested that there is significant moisture advection from the NA basin into the Western MR specifically for the upper percentiles of heavy precipitation events. This was recently generalized by Winschall et al. [2012] , who found evidence that moisture advection from the NA basin is important for heavy precipitation events south of the Alps. Note that an upstream influence from the NA has also been shown for events over the Eastern MR [e.g., Krichak et al., 2004] . Martius et al. [2006] have stressed the link between the presence of upper-level troughs (Potential Vorticitystructures) over Western Europe and high precipitation events on the alpine region as a further mechanism for a large-scale trigger. Such structures had been recognized for case studies [e.g., Massacand et al., 1998; Winschall et al., 2012] .
[3] Extreme precipitation events occur preferentially on the onwind slopes of mountain ranges [e.g., Llasat et al., 2005; Milelli et al., 2006] . Accordingly, some alpine regions experience a much higher frequency of extreme precipitation events than other locations in central Europe [Frei and Schär, 1998 ]. On the other hand, the influence of orography also includes downwind sheltering [e.g., Smith and Barstad, 2004] . Complex orography thus leads to a strong spatial and temporal heterogeneity in terms of precipitation distribution [e.g., Frei and Schär, 1998 ]. Numerous studies have been performed on rainfall events in the Western MR, in particular for the orographically structured areas of northeastern Spain, Southern France, and Northern Italy [e.g., Llasat et al., 2005; Nuissier et al., 2008; Ricard et al., 2012] . Such effects complicate estimations of the hydrometeorological consequences (e.g., river discharge values and subsequent floods). Both the spatial and temporal distribution of rainfall intensities and extension of the events must be considered in order to interpret adequately the integral effects of precipitation in terms of flooding. Ranking heavy precipitation events is still an open problem, as it is influenced by multiple time and spatial scales that assume different importance depending on the application envisaged for the analysis [Muller et al., 2009] .
[4] Boni et al. [2008] developed a methodology to map the spatial distribution of rainfall annual maxima (RAM), as defined by Boni et al. [2006] , in a mountainous environment. Boni et al. [2006 Boni et al. [ , 2008 used a rainfall database featuring precipitation records of over 200 stations for a period of 60 years, which they analyzed in terms of spatial patterns and intensity distributions of RAM for different time windows (from 1 to 24 h). They identified different dominant seasons for RAM recorded on different durations on the basis of their statistical characteristics and suggested that meteorological conditions may explain these effects. In Piemonte, for example, summer is dominated by the rather short time windows (1 and 3 h RAM), while in autumn the 24 h RAM is prevalent.
[5] Previous analysis of extreme precipitation events has included methods for the classification of events [e.g., Llasat, 2001; Casas et al., 2004] and different possibilities for clustering them [e.g., Rigo and Llasat, 2007; Nuissier et al., 2008] . However, these methods do not simultaneously take the spatial extension and the different rainfall time scales of the events into account. The methodology applied in the present study is designed to overcome this limitation by capturing both local intensities at different (daily to subdaily) aggregation time scales and extension of the affected area. It is thus performing a classification independent of large-scale (synoptic) meteorological features or patterns, restricting the input data to local rainfall amounts at individual stations in the areas considered.
[6] While Rudari et al. [2005] compared the synoptic characteristics of non-extreme with extreme rainfall events, the synoptic characterization refers to the clusters. Still, we restrict ourselves to the analysis of extraordinary 24 h rainfall extremes. Additionally, a ranking is established again taking into account both the events' local intensity and spatial extent. Thus, the current study offers a new way to classify and quantify events, focusing on Northwest Italy, encompassing the regions Liguria, Piemonte, Ticino, and Valle d'Aosta.
[7] The structure of the paper is as follows: A short description of the data used is given in section 2, while section 3 describes the methodologies used. The results of the objective classification of extreme events are presented in section 4. In section 5, the synoptic evolution of the events is analyzed and classified, with special attention given to the identification of moisture sources exterior to the MR. The final section presents the conclusions.
Data
[8] Rainfall annual maxima (RAM) from rain gauge stations over Northwest Italy are available in a database for five different reference durations (1, 3, 6, 12 , and 24 h). They are based on measurements of a dense rain gauge network in Liguria, Piemonte, and Valle d'Aosta (Figure 1 ), made by different offices of the Italian National Hydrological Service (Servizio Idrografico e Mareografico Nazionale) and more recently the regional offices for the protection of the environment, which are now in charge of maintaining the gauging network. The present RAM database is an extension of the database used in Boni et al. [2006] Figure  S1 , auxiliary material).
1 Details on quality control of the data and the improvements relative to Boni et al. [2006] are presented in auxiliary material A. The period used for classification is 1938-2002. The database was produced from an original data set consisting of complete high temporal resolution rainfall records (10 min for the earliest records and 5 min for the more recent ones) using moving time windows to identify the respective RAM at different durations. Unfortunately, only parts of the original data set are available, too small to be used for an extensive analysis on extremes. We could use, however, a set of daily precipitation data for selected stations (242 stations for the period 1957-1987 and 299 stations for 1990-2002) . These daily data are used to quantify the impact of limitations of RAM database regarding the number and spatial extension of extraordinary events.
[9] For the diagnoses of the atmospheric conditions leading to the rainfall events, we use data from the European Centre for Medium-Range Weather Forecast ERA40 data set [Uppala et al., 2005] Rossi et al. [1984] , which is a distribution derived by a mixture of two Gumbel distributions, one describing "ordinary" maxima and the second describing the "extraordinary" ones. Based on this distribution, Boni et al. [2006] proposed an objective way for separating ordinary and extraordinary values which show distinct statistical behavior. The algorithm developed by Boni et al. [2006] makes use of the dimensionless parameter Kt. Kt is defined as the recorded RAM values made dimensionless with the (station specific) expected value (the mean RAM) for that duration (1 h, 3 h, 6 h, 12 h, and 24 h) [Boni et al., 2006 [Boni et al., , 2008 . The expected value is approximated by the sample mean of recorded RAM. Some authors [e.g., Svenisson et al., 2001] have criticized this approximation. However, Boni et al. [2008] provided evidence that using the RAM sample mean for Kt computation introduces only negligible estimation errors when the sample size of time series is large enough (n > 20).
[11] For TCEV, the expected value corresponds in average to a 2.9 year return period. This normalization has the main objective of obtaining values at the stations comparable to each other. A threshold Kt 0 valid for statistically homogeneous regions [see Beran et al., 1986] is determined for each region and for each of the five durations [cf. Boni et al., 2006] , allowing the identification of extraordinary RAMs when the relation Kt ≥ Kt 0 applies for the correspondent time scale. Note that a statistically homogeneous region is defined based on the homogeneity of the station data probability density function in terms of coefficient of variation and higher order moments (i.e., skewness and kurtosis), as performed in previous methodologies [e.g., Gabriele and Arnell, 1991] [12] Following this approach, we focus solely on events with an extraordinary character for at least one of the recording stations: a rainfall event must feature one extraordinary 24 h RAM on at least one of the stations to be classified as extraordinary event. This choice is mathematical (as it stems from the TCEV), but according to Boni et al. [2006] , these events are causing strong hydrometeorological effects on different time scales from 1 to 24 h. Once a date is identified, RAMs (ordinary and extraordinary) for each duration are searched for the same date (and subsequent days containing at least one extraordinary 24 h RAM, with a maximum of 3 days). This information is included in the characterization of the identified extraordinary event, which, from now on, will be referred to simply as one "event." A total of 163 events are identified in the period of 1938 to 2002. They are characterized by the information of the number of RAMs for each time window, their spatial distribution, and rainfall intensity (expressed in terms of Kt values).
[13] Since the database records contain only one 24 h RAM for each station per year, some important events may be missed. In particular, this can happen if a specific station has more than one extraordinary Kt value in a single calendar year. Comparing RAM data and a complete series of daily rainfall totals from the subperiod 1990-2002, it was found that the probability of occurrence of more than one extraordinary rainfall event within a year at single station is less than 10% (not shown). There was also no evidence for an effect on the intensity and/or spatial extension of the events as discussed in the following section of this paper. The effect of seasonality was not regarded because there is basically only one wet season in this area. Thus, the considered RAMs are season independent. Unfortunately, RAM data are not available for hydrological years but only for calendar years. Thus, the RAM database is found to be a sufficient basis for a classification of the events and for the subsequent investigation of the triggering synoptic patterns.
Spatial Extension of Events and Correction of Station Density Bias
[14] All stations experiencing a RAM of any duration at an event date contribute to the spatial extension of that event. All durations are considered separately, so that a station can be included in up to five rain areas assigned to the five different durations for the same event. Events can be visualized by plotting maps showing the affected stations, indicating RAM for all five durations at all available gauging stations (cf. examples in Figures 1b and 1c ). This enables a fast evaluation of the events, both in terms of their extension and the affected temporal scales. A relevant problem in characterizing the spatial extension of the events is related with the change in the number of gauge stations over the years ( Figure S1 , Figures 1b and 1c ). This fact can introduce biases in the spatial extension of the events and thus in their ranking: We dealt with this by taking for each station the distance to neighboring stations during that year into account, when integrating Kts for a particular event. More details can be found in auxiliary material B. The result of the methodology is an index named Rescaled Event Intensity (REI), which is given for an event by
where n is the number of stations that recorded any rainfall during the event, d the five time windows (1 to 24 h), and r m a calculated representative radius for each station.
Cluster Analysis
[15] A cluster analysis is applied in order to combine groups of data with similar characteristics based on REI for different time scales. In this work, we apply a hierarchical clustering method on our REI data set. Hierarchical clustering is an iterative process in which the number of clusters is successively decreased. Thus, it provides a multilevel hierarchy, where clusters at one level are joined as clusters at the next higher level (like a tree). The method has the advantage of visualizing the combination of the observations to form clusters, which facilitate the choice on the number of clusters to be retained [Ramos, 2001] . This characteristic is thus helpful to identify the optimum number of clusters. The distances between clusters are computed using the Ward distance, which is defined as the sum of squares between the two clusters added over all the variables [Ward, 1963] . This measure is known for producing large clusters, which are useful to obtain statistically significant results. At any step of aggregation, the within-cluster sum of squares is minimized over all possible merges between two clusters from the previous generation. This method tends to join clusters with a small size and, therefore, to produce clusters with similar number of observations. The cluster mean rainfall intensity is computed based on REI (cf. supplementary material) for all events of that cluster.
Synoptic Characterization
[16] The large-scale conditions associated with the extreme events are analyzed based on weather charts and reanalysis data. The objective is to detect possible particularities on the large-scale atmospheric conditions, moisture transport, and moisture sources. With this aim, low-level moisture advection and convergence (at 850 hPa) is computed from ERA-40 data, together with three-dimensional backward trajectories starting at 850 and 700 hPa. The trajectory package [after Methven, 1997 ] is based on 3-D wind components. The humidity of the parcel is the value from the reanalysis for that time frame and that vertical level. The backward trajectories indicate the path of air masses associated with the precipitation events. The method has been extensively tested [e.g., Methven et al., 2001; Fragoso et al., 2012] , and the obtained results are compared with other approaches for case studies [e.g., Turato et al., 2004] . Further, 500 hPa geopotential height fields and mean sea level pressure (MSLP) are considered to describe the large-scale conditions associated with the extreme events.
[17] Further, cyclone tracks associated with the events are obtained using an algorithm originally developed by Murray and Simmonds [1991] , adapted for the Northern Hemisphere/ MR cyclone characteristics [Pinto et al., 2005] . Cyclones are identified using a proxy of their relative geostrophic vorticity, which is particularly adequate for the shallow systems typical of the MR region. Further details can be found, e.g., in Pinto et al. [2005] .
Clustering and Ranking of Extreme Rainfall Maxima
[18] The obtained 163 events are now characterized in terms of their hydrological characteristics using the hierarchical clustering approach based on REI. The objectives are to (a) group and (b) rank the events.
[19] A hierarchical cluster analysis is performed on the retrieved events. The database is searched for subsets with similar REI considering a five-dimensional vector with one component for each of the five available time windows. This concurrent information is used for the characterization of the severity of the event. Six clusters are obtained, as this number allows the best separation between the different clusters covering the whole spectrum of events (cf. Figure  S3) . A larger number of clusters would lead to a very small distance between some of the groups and thus to little added information (the next partition would be within the cluster which includes the weakest events). On the other hand, a smaller number of clusters would lead to a strong reduction in the information: for example, with four clusters the present clusters I/II and III/IV would be joined. The number of events per cluster is given in Table 1 .
[20] Cluster I contains the most intense events in terms of REI based on the 24 h sums, and cluster VI the weakest ones (Figure 2a) . It is interesting to compare the intensities of these 24 h REI with 3 h REI (cf. Figure 2b ) as an example: the separation between clusters III and IV is clear and can basically be explained by the values of 3 h REI. The 6 h and 1 h REI comprise similar values to the 3 h component (not shown). For these two clusters, the same ranks apply on each of the five considered rainfall durations (Figure 2a only includes 24 h and 3 h duration). Clusters III and IV have about the same loadings for 24 h but are clearly distinct with respect to short durations (see scatter plot in Figure 2b , with REI of 3 h as an example).
[21] Table 1 includes information on the average numbers of stations with an extraordinary rainfall annual maximum (ERAM), with extraordinary and/or ordinary rainfall annual maximum (RAM) for different time windows. Results show that the number of stations with ERAM decreases with the order number of clusters. A similar result is found with respect to all RAMs. The percentage of stations with RAM is a measure of the size of the affected area. The percentage of stations (cf. Table 1 ) experiencing a 24 h RAM decreases continuously from cluster I (47%) to cluster VI (4%), with the exception of cluster IV (17%), which has a slightly smaller value than cluster V (18%). For the other time windows (1-12 h), a monotonous decrease is also present, except that the affected percentage of stations for the durations 1 h and 3 h is higher for cluster IV than for cluster III. These results support our working hypothesis that very intense events are caused by a combination of large-scale (typically weaker but longer precipitation events) and convective precipitation (short but intense precipitation events). With decreasing intensity, there is the possibility of the events to be either (a) more convective (like cluster VI events) or to be (b) more large-scale precipitation forced (like cluster III events).
[22] The seasonal distribution of events per month and cluster is shown in Table S1 . All events for clusters I/II and 54% of all 163 events occur in autumn. This is also the case for most of the events in cluster III, even though five events occur outside autumn. Regarding cluster IV, events are biased towards late summer/early autumn compared to cluster III. The two weaker clusters show a broader spectrum, with events occurring in spring and winter (each month) for cluster V (cluster VI).
[23] Based on the value of the 24 h REI per event, a clear ranking for all 163 events is given. The top 20 are listed in Table S2 . Sixteen events occurred in autumn (September to November), clearly indicating that the particular largescale atmospheric conditions in autumn are instrumental to the frequency of extreme events occurring over the study area for this season. This is in agreement with previous works and with the observed seasonality of the top ranking extreme events [e.g., Rudari et al., 2005] .
Synoptic Characterization of Events
[24] In this section, we examine the large-scale conditions associated with the extreme rainfall events. The inspection of synoptic weather charts for each of the top 50 extreme rainfall events showed that cyclones were present over the region in each case (not shown; data only considered starting 1955, as weather charts are unfortunately not available before that date). Such local cyclones are, however, very shallow in some cases.
Characterization of the Six Clusters
[25] We now characterize meteorologically the six clusters by identifying the typical synoptic conditions for the elements of each cluster and comparing them to other clusters. The number of investigated events is limited to a total of 121 due to the data availability (see Table 1 ). The typical characteristics of the six clusters are summarized in Table 2 . First, the average numbers of stations with an ERAM and with RAM are generally decreasing with the order number of clusters (Table 1) .
[26] Midtropospheric flow conditions, moisture advection, and backward trajectories for each cluster are shown in Figures 3, 4 , and 5. Typically, a large-scale steering low associated with an upper air trough is present near the British Isles/Gulf of Biscay. Their intensity, persistence, and exact location, however, do change from cluster to cluster. For the top ranking clusters, the upper air trough is typically not only more intense (see Figure 3 ) but also more persistent: While for cluster I the trough is quasi-stationary for about 7 days, this value decreases progressively to 1-2 days for cluster VI (not shown). This clearly indicates that the large-scale conditions associated with the top clusters clearly contribute to sustained moisture advection into the Western MR. Further, the 3 day humidity flux (Figure 4 ) exhibits a maximum over the NA but with different location and intensity depending on the cluster. While for top clusters (I and II) Figure 3 . mean 500 hPa geopotential height field [gpdm] for each cluster. The average period starts 3 days before the event and ends at the first day of the event. The roman numerals correspond to the clusters. the trough extends far south, thus enabling stronger moisture advection into the MR, it is not so pronounced for the other clusters. In particular, the top clusters I and II have the largest 3 day mean humidity advection. Figure 4 also shows significances for the meridional component of moisture advection, the most relevant in this case to induce enhanced precipitation in the southern Alpine slopes. Results show that a widespread significant strong northward advection (red areas) is detected to the first four clusters within the Western MR, very strong for clusters I and II, and somewhat weaker for clusters III and IV. Finally, the starting points of the 3 day backward trajectories are shown as a "trajectory source areas density" for all events of a cluster ( Figure 5 ). Again, a clear difference is observed between the clusters. The weakest clusters (V and VI) feature starting points with a higher probability in the MR, while the top clusters show a significant percentage of trajectories starting over the NA Basin, some as far as Newfoundland.
[27] Based on the analysis of the 163 events in our database and the ranking classification, we found evidence for an influence of NA in terms of moisture advection from the NA Basin towards the Western MR shortly before the event particularly for the most highly ranked events. This is in agreement with the recent study by Winschall et al. [2012] , who analyzed the impact of the evaporation hot spots over the eastern NA for heavy precipitation events over southern Alpine region based on a 10 year climatology. The lower ranked events are less influenced from the NA and thus may be considered more "regional" events. Moisture incoming from the NA is, however, not only relevant for extreme events. Drumond et al. [2011] and Nieto et al. [2010] provided evidence that the subtropical NA is a secondary climatological moisture source for the Western MR.
Case Studies
[28] We now analyze the top 20 events. Two representative cases are discussed in detail: The first case (13-15.10.2000 ) is a member of cluster I and the top ranking event in the database, while the second case (21.09.1981 ) is a member of cluster IV. This latter cluster shows the strongest differences from cluster I in terms of the relative REI values in the [29] The event on 13-15 October 2000 is the top ranked event in our database (cf. Table S2 ). It is a prime candidate for detailed evaluation, also because it has been investigated previously as case study [e.g., Gabella and Mantonvani, 2001; Cassardo et al., 2001; Turato et al., 2004] . Extraordinary rainfall amounts were measured all 3 days predominantly in the Alpine region (cf. Figure 6a) . Maximum precipitation was recorded at single stations reaching 134 mm, 403.8 mm, and 406.4 mm on 13, 14, and 15 October 2000, respectively. The highest 3 day sum of precipitation was 706 mm at Bonganco-Pizanco (upper Po Valley). This event shows most of the REI on the 24 h basis, decreasing steadily for 12 h, 6 h, 3 h, and 1 h REI (cf. Figure 6b ). The severe precipitation event led to a flood in the Upper Po Valley during the following days. The extreme event was locally induced by a shallow cyclone ("Josefine", marked "1" in Figure 7 ). Preliminary tropical storm "Leslie" tracked northward along the North American coast (blue line in Figure 7d ) bringing a huge amount of moisture into the extratropics (compare Pinto et al. [2001] and Turato et al. [2004] ). During 8-9 October, the tropical storm "Leslie" underwent extratropical transition, whose remnants then moved eastward towards the British Isles as extratropical cyclone "Imke" (marked "2" in Figure 7a ). The 3 day mean humidity flux for the period 10-13 October (Figure 6c) shows a very intense flow over the NA Basin towards the MR. The contribution of such moisture advection from the NA Ocean to the event's intensities (and thus to the occurrence of subsequent local floods) has been demonstrated in case studies of extreme events in this area by evaporation/ precipitation models [e.g., Reale et al., 2001; Turato et al., 2004; Winschall et al., 2012] . In fact, half of the 3 day backward trajectories starting 12 October go back to an area close to Canada (cf. Figure 8a) , where the tropical storm "Leslie" was located on 9-10 October. The trajectories are restricted to 3 days because the humidity is not directly traced by the applied methodology. Further, these trajectories feature an unusually high amount of specific humidity (for such latitudes), documenting the high humidity in the air mass associated with the remnants of the tropical storm (now cyclone Figure 5 . Spatial density of the starting locations of 3 day backward trajectories for each cluster. The values are given as percentage of total number of trajectories. The trajectories were started at 1200 UTC at the day of occurrence of the event, the day before, and 2 days before. The roman numerals correspond to the clusters.
"Imke"), and subsequent strong moisture advection into the study area. Over the Western MR, cyclone Josefine appears on 12 October ("1" in Figure 7a ) on the cold front of the steering cyclone "Imke". As "Josefine" triggers the event, the moisture concentration over the Western MR reaches its peak (not shown). The continuous moisture advection towards the south side of the Alps remained until 15 October, associated with strong moisture convergence over Piemonte (cf. Figure 6d) . These results document that part of the moisture originated from an airmass advected towards the MR and originally associated with tropical storm "Leslie", an assessment in accordance with, e.g., Turato et al. [2004] . The alpine orography plays a major role in focusing the event due to interactions with mesoscale atmospheric features [e.g., Nuissier et al., 2008; Ducrocq et al., 2008; Ricard et al., 2012] .
[30] The second example corresponds to 21 September 1981, the element of cluster IV with the strongest values of 3 h REI. As expected, it was a more localized event, i.e., there is a smaller area covered by stations with 24 h and 12 h RAM (Figure 9a) . A larger number of RAM are found for short durations (1 to 6 h) than for longer durations (Figure 9b ), unlike the majority of the events. The mean flow (cf. Figure 9c ) bends close to Northwest Italy anticyclonically and is of southwestern direction over the target area. This event is also associated with a strong humidity advection over the NA. The lower backward trajectories (850 hPa) start over the Western MR and apparently pick up additional moisture over the MR (cf. Figure 8b) . The upper trajectories (starting 700 hPa) trace back to the NA and bring additional moisture to this event (although by far not as much as in the previous example). The synoptic conditions exhibit a steering cyclone quasi-stationary over north England leading to strong northward flow towards the southern Alpine ranges. On 21 September, a cyclone developed over the Western MR, focusing the high humidity over the MR towards the Po Valley. The integrated humidity flux divergence (Figure 9d ) shows a convergence in the northeast of the target area where also most of the RAM reporting stations are located. However, the anticyclonal flow over most part of the target area did not favor large-scale rainfall, which may explain the ratio between the intensity of the shorter time scales to the long ones.
[31] After analyzing the top 20 events, the typical local and synoptic conditions associated with the events can be summarized as follows:
[32] (a) Favorable large-scale conditions for the occurrence of deep convection (target area located in front of an upper air trough).
[33] (b) Enhanced humidity available over the eastern NA, which may be advected towards the MR in the following days under the influence of the steering low. [34] (c) Enhanced humidity available over the Western MR shortly before the event.
[35] (d) Sustained moisture advection towards the southern Alpine ranges for days due to a quasi-stationary steering low located near the Bay of Biscay/British Isles.
[36] (e) Local cyclogenesis over the Western MR, which is responsible for triggering and focusing the event on a particular area.
[37] This characterization agrees with Rigo and Llasat [2007] , who found a relationship of heavy rainfall and cyclones in Catalonia and with the results documented in, e.g., Jansá et al., 2001 and Martinez et al. [2008] for the Western MR.
Conclusions
[38] In this paper, the first two objectives were (i) to produce an objective classification based both on extreme rainfall amounts at different accumulation intervals and on spatial extension and (ii) to establish a ranking of extreme rainfall events based on the same hydrological motivated statistical methods. The method has been applied for Northwest Italy. A classification into ordinary and extraordinary events at the individual stations was performed following the statistical methodology developed in a hydrological context and applied to the RAM of 24 h duration [Boni et al., 2006] . This inherent use of normalized precipitation values allows the identification of strong precipitation events at stations, taking into account the station climatologies and thus their characteristic thresholds, which may differ for each station. Only events comprising at least one station with extraordinary rainfall were used for analysis. A clustering algorithm was applied, which separated the events into six clusters as a basis for further analysis. The ranking of events was performed combining intensity ranks at the individual stations and spatial extent. Verifications using the complete time series at individual stations for a subperiod suggested that the limitation of the main data set only comprising RAM was of minor importance. Results show that the top ranking events belonged to one cluster (cluster I). These events showed heavier-than-normal rainfall amounts on all considered durations and on extended spatial regions, particularly in terms of 24 h RAMs. The weaker events were assigned into clusters II to VI, with a decreasing intensity ranking. An exception is cluster IV, which contains events which were particularly strong on short durations. It must be assumed that the obtained statistics clearly owes to the fact that we used the 24 h duration as a basis for the selection of the events.
[39] Based on the identified six clusters, we demonstrated that events from the top clusters are strongly influenced by moisture advection from the NA Basin, while there is little influence for the weaker ones. Clusters I and II are characterized by strong and persistent upper air troughs reaching far south, located in a geographical position where they induce enhanced moisture advection from the NA into the Western MR. Further, they induce a strong northerly directed atmospheric flow towards the mountain ranges in the study area (Figure 4) . The October 2000 event ( Figure 6 ) is a prominent example. While similar characteristics can be found for the other clusters, flow intensities and moisture anomalies are progressively weaker with increasing cluster number. For clusters V and VI, there is little influence of moisture advection from outside of the MR. The clusters of moderate intensity (III and IV) show also interesting characteristics. Cluster III comprises typically large-scale forced rainfall events which typically feature long-ranging backward trajectories. In contrast, cluster IV events feature shorter but more humid trajectories, in line with the higher REI on the short durations.
[40] Based on the above described results, we conclude that moisture advection plays a relevant role in the magnitude of the extraordinary events considered in the present study. Thus, both the length and the humidity concentration along the backtrajectories are apparently factors contributing to high ranked events. We also checked these for the extreme events against trajectories and moisture advection for 50 nonextraordinary rainfall events. The latter typically show less influence from the NA Basin than the ones used as the main basis of our study. Still, it should be kept in mind that the NA is also a (secondary) climatological moisture source for the MR [Nieto et al., 2010; Drumond et al., 2011] .
[41] In accordance with previous results from literature, autumn is the season observing most heavy rainfall events in the region considered [e.g., Rudari et al., 2005; Boni et al., 2006] . 54% of the events labeled as extraordinary have occurred during this season, and the percentage reaches 80% when considering only the top 20 events. Only four top 20 events occur in spring (2), January (1), and late August (1). The accumulation of the most extreme extraordinary events in the autumn season may be explained by the conjugation of (remote) large-scale forcing and (local) regional forcing (see Table 1 ). While the large-scale conditions are more appropriate from autumn to spring, with the intrusion of large-scale troughs deep into the MR, the local conditions are actually better during summer and autumn, as the higher sea surface temperature and air temperatures strongly enhance the moisture availability and hence the potential for extreme events.
[42] The large-scale features associated with the events considered here are in a basic agreement to findings from other studies of extreme rainfall events in the Western MR. This result is expected, as it confirms similarities between the processes leading to the most intense events. The classification and the quantification of events according to spatial extension and local intensities performed in the present study and the combination with different aggregation times is, however, a novel approach. Another novel aspect is the demonstration that the role of moisture advection from the NA Basin increases progressively according to the events' magnitude. This is particularly true for 24 h RAM. For events characterized by RAMs predominantly on short time scales (cluster VI), evidence was provided that the relevance of moisture advection from the NA Basin is smaller.
[43] The classification of the events in terms of these impact-relevant characteristics can be used as a basis for more detailed studies, e.g., of the small-scale processes involved in the event genesis. The application of a mesoscale model on selected cluster members can help to identify common mesoscale features. Further studies could investigate effects of a modification of the initial selection of events, for example, selecting events under the condition that at least one station should see an extraordinary RAM on a short time scale.
